
People living in agricultural areas may be
exposed to pesticides through drift from agri-
cultural fields in proximity to their homes. In
orchard-producing areas of Washington State,
pesticide levels in carpet dust and pesticide
metabolites in urine of residents increased with
self-reported proximity of homes to crop fields
(Lu et al. 2000) and during the pesticide appli-
cation season (Curl et al. 2002). Children in
agricultural areas had five times the concentra-
tion of pesticides in their urine compared with
children in an urban area (Lu et al. 2000). The
presence of an agricultural worker in the home
also increases pesticide levels through “take-
home” exposures (Curl et al. 2002; Curwin
et al. 2005; Lu et al. 2000).

Carpet dust can be a reservoir for pesti-
cides and other chemicals because they are
protected from degradation. Levels of pesti-
cide in carpet dust were 10- to 200-fold
higher than levels in soil around the home in
residential (Lewis et al. 1994) and agricultural
areas (Simcox et al. 1995). Previous studies
have found residues in carpet dusts from both
recently used pesticides (Colt et al. 1998;
Curwin et al. 2005; Lu et al. 2000) and pesti-
cides used many decades ago (Colt et al.
1998, 2004; Rudel et al. 2003).

We previously developed a geographic
information system (GIS)-based method that
used satellite imagery to create historical crop

maps in the midwestern United States.
Residences were mapped, and the extent of
agricultural fields proximate to the homes was
determined as a way of identifying homes
with potential exposure to agricultural pesti-
cides (Ward et al. 2000). Corn and soybeans
are the major crops in Iowa; > 95% of corn
and soybean acreage was treated with herbi-
cides from the late 1970s through the 1990s
(Iowa State University 1997). The aim of the
present study was to determine whether crop
maps are useful for predicting residential lev-
els of crop herbicides as determined by their
measurement in carpet dust samples from res-
idences in a population-based case–control
study of non-Hodgkin lymphoma (NHL). 

Materials and Methods

Study population and data collection. The
study population in these analyses included
Iowa case and control participants for whom
we collected a dust sample in a population-
based case–control study of NHL. Cases were
included in these analyses because proximity to
crops and herbicide concentrations in dust
were not associated with risk of NHL. The
original study was conducted in four areas cov-
ered by the Surveillance, Epidemiology, and
End Results program of the National Cancer
Institute (Iowa; the Detroit, Michigan, metro-
politan area; Los Angeles County, California;

and the Seattle, Washington, metropolitan
area), and the study design was described in
detail previously (Chatterjee et al. 2004; Colt
et al. 2004). Briefly, we identified cases newly
diagnosed with NHL between July 1998 and
March 2000 and 20–74 years of age. We
selected controls 20–64 years of age from the
general population of Iowa using random-digit
dialing and controls 65–74 years of age from
Medicare eligibility files. Controls were
matched by age group, sex, and race to cases.
We interviewed 361 (67%) of eligible cases in
Iowa and 276 (58%) of eligible controls.

We collected vacuum cleaner dust if partici-
pants had used their vacuum in the past year
and had owned half of their carpets for ≥ 5
years. A further criterion for inclusion in these
analyses was that a 750-m radius buffer around
the home was within the area of the two satellite
images (128 of 237 participants had dust sam-
ples and resided in the image area) (Figure 1).
Using a GIS and spring and summer Landsat
multispectral satellite images (U.S. Geological
Survey Earth Resources Observation and
Science 2006) from two path/rows in south
central Iowa (hereafter called study area), we
created land cover maps to identify corn and
soybean fields (> 90% of crops) and other land
uses for each year of the study (1998–2000),
and we used Farm Service Agency records for
validation (Ward et al. 2000). For the three
maps, the accuracy (percentage of sampled areas
on the crop maps for which the land cover was
correctly identified) ranged from 81 to 96% for
corn and from 87 to 93% for soybeans.
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Rural residents can be exposed to agricultural pesticides through the proximity of their homes to
crop fields. Previously, we developed a method to create historical crop maps using a geographic
information system. The aim of the present study was to determine whether crop maps are useful for
predicting levels of crop herbicides in carpet dust samples from residences. From homes of partici-
pants in a case–control study of non-Hodgkin lymphoma in Iowa (1998–2000), we collected vac-
uum cleaner dust and measured 14 herbicides with high use on corn and soybeans in Iowa. Of 112
homes, 58% of residences had crops within 500 m of their home, an intermediate distance for pri-
mary drift from aerial and ground applications. Detection rates for herbicides ranged from 0% for
metribuzin and cyanazine to 95% for 2,4-dichlorophenoxyacetic acid. Six herbicides used almost
exclusively in agriculture were detected in 28% of homes. Detections and concentrations were high-
est in homes with an active farmer. Increasing acreage of corn and soybean fields within 750 m of
homes was associated with significantly elevated odds of detecting agricultural herbicides compared
with homes with no crops within 750 m (adjusted odds ratio per 10 acres = 1.06; 95% confidence
interval, 1.02–1.11). Herbicide concentrations also increased significantly with increasing acreage
within 750 m. We evaluated the distance of crop fields from the home at < 100, 101–250, 251–500,
and 501–750 m. Including the crop buffer distance parameters in the model did not significantly
improve the fit compared with a model with total acres within 750 m. Our results indicate that crop
maps may be a useful method for estimating levels of herbicides in homes from nearby crop fields.
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We determined the location of homes by
global positioning system (GPS) measure-
ments using the Garmin GPS12 Personal
Navigator, a 12-channel small handheld
receiver (Garmin International Inc., Olathe,
KS, USA). Interviewers took the measurements
6.1 m (20 feet) away from the home. Quality
control checking of the GPS locations was done
by comparing addresses with GPS locations and
using digital aerial photography, rural directo-
ries, and other data as previously described
(Ward et al. 2005). One participant was
excluded because of an inaccurate address. GPS
locations that were not verified were remea-
sured by taking another GPS measurement at
the street in front of the home. The estimated
accuracy of the GPS measurements is 20 m

(Ward et al. 2005). As previously described
(Ward et al. 2005), residences were classified as
“in town” if they were located inside of incor-
porated areas, and as rural otherwise. 

Laboratory analyses. Details of the proce-
dures for shipping samples, sieving, batching,
and quality control of the laboratory analyses
have been described (Colt et al. 2004). We mea-
sured the concentrations of 14 agricultural her-
bicides, each of which was used on at least 15%
of corn and/or soybean acres in Iowa in 1985,
1990, or 1995 (Iowa State University 1997).
These analytes included 10 neutral-extractable
herbicides (acetochlor, alachlor, atrazine,
cyanazine, fenoxyprop ethyl, fluazifop-p-butyl,
metolachlor, metribuzin, pendimethalin, tri-
fluralin) and four acid-extractable herbicides

[2,4-dichlorophenoxyacetic acid (2,4-D), brom-
oxynil, bentazon, dicamba]. Some corn and soy-
bean herbicides that were used this extensively
were not included because they could not be
measured using gas chromatography/mass spec-
trometry (GC/MS) (thifensulfuron, nicosul-
furon, chlorimuron) or because they could not
be extracted using the neutral- or acid-extraction
methods (imazethapyr, glyphosate).

We analyzed neutral and acid extracts using
GC/MS in selective ion mode. Analyte
amounts were quantified using the internal
standard method. For the neutral extractions, 1
or 2 g of sieved fine dust was spiked with
atrazine-d5 and isopropalin as surrogates. The
spiked dust samples were sonicated and
extracted with ether:hexanes (1:1), and the
extracts were cleaned through a Florisil column.
The acid extractions were performed as previ-
ously described (Colt et al. 2004), except that
ioxynil and 3,4-dichlorophenoxyacetic acid
(3,4-D) were the extraction surrogates and the
cleaned extracts were derivatized by methyla-
tion. Laboratory spikes (concentrations from
1,000 ng/g for most herbicides to 4,000 ng/g
for bromoxynil and bentazon) of nine samples
indicated that all target analytes were efficiently
extracted with recovery means ranging from 71
to 124% and recovery standard deviations from
8 to 29%, except for fenoxyprop ethyl (149 ±
32%) and fluazifop-p-butyl (152 ± 26%).
Reported levels in dust were not adjusted for
spike recoveries. We conservatively estimated
the detection limits as a concentration 0.1 ng/g
below the lowest detected value, because many
of these analytes had not been previously mea-
sured in dust. Detection limits were in the
range of 24–62 ng/g dust except for dicamba
(75 ng/g), 2,4-D (85 ng/g), bentazone (88 ng/g),
pendimethalin (141 ng/g), and bromoxynil
(231 ng/g) (Table 1). Improvements can be
made by using labeled analytes as internal stan-
dards to compensate for matrix effects and for
extraction inefficiency. However, because most
of these standards are not commercially available
and must be synthesized, the cost of such stan-
dards was beyond the budget for this project.

Eighty-eight percent of the dust samples (n
= 112) were successfully analyzed for the target
analytes. Reasons we did not analyze the others
were that the identification label fell off the
dust bag before lab receipt (n = 3), there was an
insufficient quantity of sieved fine dust (n = 3),
or laboratory error (n = 10). The laboratory
error was the result of samples inadvertently
being left at room temperature with some fluo-
rescent light exposure for an extended period.

The frequency of detection of individual
herbicides was often low, and interfering com-
pounds that eluted together with the target ana-
lytes resulted in various types of “missing data.”
Pesticides with > 20% of samples with interfer-
ences were pendimethalin (38% of samples),
atrazine (29%), and fluazifop-p-butyl (21%).
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Table 1. Frequency of detection, median detected concentrations (ng/g), geometric mean, and geometric
SD for 14 herbicides measured in house dust samples from Iowa residences.

Percent detecteda Median detected Geometric Geometric
Herbicide (n = 112) concentration (range) meanb SD

2,4-Dc 94.6 1244.9 (85.2–126,000) 1035.0 4.2
Dicambac 28.8 179.5 (75.4–908.0) 30.1 5.0
Metolachlor 21.4 129.5 (27.8–3180.0) 3.0 16.8
Trifluralin 15.2 51.9 (24.6–3650.0) 1.5 17.0
Pendimethalin 11.6 215.0 (141–1650.0) 17.5 6.1
Atrazine 8.0 510.0 (59.4–4720.0) 0.44 41.4
Bentazonc 8.1 225.0 (88.5–855.6) 5.6 6.4
Acetochlor 8.0 127.0 (52.7–4120.0) 16.5 3.1
Fluazifop-p-butyl 6.2 71.3 (29.1–304.0) 2.3 5.9
Alachlor 6.2 49.6 (28.4–394.0) 3.2 4.3
All herbicidesc 94.6 1444.2 (173.3–126,190) 1398.6 3.5
Agricultural herbicidesc,d 28.0 238.3 (34.7–10244.0) 72.5 3.5
Herbicides with long-term usee 43.2 193.5 (31.6–6469.0) 74.7 4.5
aDetection limits (ng/g): acetochlor, 53; alachlor, 28; atrazine, 59; bentazon, 88; dicamba, 75; fluazifop-p-butyl, 29; meto-
lachlor, 28; pendimethalin, 141; trifluralin, 24; 2,4-D, 85. bGeometric means and SDs were derived from fitted log-normal
models. cBased on 111 samples. dHerbicides with primarily agricultural use: acetochlor, alachor, atrazine, bentazon, flu-
azifop-p-butyl, metolachlor. eHerbicides used on ≥ 15% of corn and/or soybean acreage in Iowa in 1985, 1990, and 1995:
atrazine, dicamba, metolachlor, trifluralin.

Residence locations
237 in the study area
400 not in the study area

Outline of Landsat scene

Figure 1. Satellite image boundaries and approximate residence locations from a case–control study of
NHL in Iowa, USA.



The distributions of the individual herbicide
concentrations were consistent with log-normal
distributions. We used a multiple imputation
method, which assigns a value for each missing
measurement by selecting a value from the
assumed log-normal distribution based on a lin-
ear regression model (Lubin et al. 2004).
Including factors significantly associated with
herbicide concentration in dust (farming status,
location of home inside or outside a town,
acreage of crops within specific distances of
home) in the imputation did not appreciably
change our results, so we used imputed values
from a regression model without covariates in
our final analyses. Maximum likelihood para-
meter estimates were used to “fill in” five
imputed concentrations for measurements that
were below the detection limit or imprecisely
reported because of interferences (Helsel 1990;
Lubin et al. 2004; Moschandreas et al. 2001).

Data analysis. Metribuzin and cyanazine
were not detected in any samples. Bromoxynil
and fenoxyprop ethyl were detected in < 5% of
dust samples and were excluded from analyses.
We grouped the remaining herbicides two ways
for our analyses. First, we summed the concen-
trations of the six herbicides used almost exclu-
sively in agriculture (acetochlor, alachlor,
atrazine, bentazone, fluazifop-p-butyl, meto-
lachlor; called here agricultural herbicides).
Second, we evaluated the four detected herbi-
cides that were used on ≥ 15% acres of corn
and/or soybeans in Iowa in all three pesticide-
use reporting years, 1985, 1990, and 1995
(atrazine, dicamba, metolachlor, trifluralin;
called long-term–use herbicides). The herbi-
cides accounting for the highest treated acreage
of corn and soybeans, respectively, were atrazine
(67% of corn acres treated in 1995) and triflu-
ralin (30% of soybean acres treated in 1995).
We also evaluated the concentration of individ-
ual herbicides that were detected in at least 5%
of the samples (Table 1).

The descriptive statistics of the herbicide
concentrations were based on the observed
concentrations and the concentrations from
one imputation, whereas the percent detections
did not include any imputed values over the
detection limit. We calculated percent detec-
tions and concentrations of the agricultural
herbicide group separately for homes with and
without an agricultural worker and by the loca-
tion of residences within and outside of towns.

For each home, we determined the acreage
of corn and soybeans within 750 m of the
residence for each crop map year (1998–2000).
We chose 750 m because primary pesticide
drift from ground and aerial spraying—the
most common methods of application of her-
bicides to corn and soybeans in Iowa—occurs
within this distance (AgDRIFT Task Force
2002; Woods et al. 2001). We also determined
the acres of corn and soybeans within “donut-
shaped” buffer zones of < 100, 101–250,

251–500, and 501–750 m from homes. The
acres of each crop type in the buffer zones
changed little over the 3 years; therefore, we
averaged the acreage across the 3 years.
Because the average acreage of corn and soy-
bean fields within each buffer zone was highly
correlated [r ranged from 0.78 (100 m) to
0.90 (501–750 m)], we evaluated the summed
acres of corn and soybeans in all analyses.

We conducted two main types of analyses.
First, we used logistic regression to compute
odds ratios (ORs) and 95% confidence inter-
vals (CIs) of detecting one or more herbicides
in each herbicide group in relation to the crop
acreage anywhere within 750 m of the home
and in relation to acres of crops within each
buffer zone. Second, we used linear regression
to model the logarithm of the concentration in
relation to crop acreage anywhere within 750 m
of the home and in relation to acres within each
buffer zone. Linear regression models were run
for each of the five data sets that contained the
measured and imputed concentrations. Final
parameter estimates and CIs were determined
using the SAS procedure MIANALYZE (ver-
sion 8.02; SAS Institute Inc., Cary, NC, USA).
We computed likelihood ratio tests comparing
the significance of nested models using models
based on one imputed value. All analyses were
evaluated for confounding by the presence of a
current or past farmer in the home and whether
the home was inside or outside a town. The
ORs for herbicide detections were adjusted for
agricultural employment because adjustment
resulted in a change of 10% or more.

Results

Detection rates for individual herbicides ranged
from 0% for metribuzin and cyanazine to 95%
for 2,4-D (Table 1). One or more of the six
agricultural herbicides were detected in 28% of
homes, whereas the four long-term–use herbi-
cides were detected in 43% of homes. A few
herbicides with high use (e.g., atrazine) were not
detected frequently. Metolachlor was the most
frequently detected herbicide in the agricultural
herbicide group, whereas dicamba was the most
frequently detected among the long-term–use

herbicides. All homes with detections of one or
more of the agricultural and long-term–use
herbicides also had detections of 2,4-D. The
concentration of 2,4-D was > 2-fold higher than
any other herbicide. Herbicides with the highest
geometric mean concentrations were 2,4-D,
dicamba, pendimethalin, and acetochlor.

Homes where the respondent was currently
employed in agricultural work had the highest
frequency of detections of one or more of the
six agricultural herbicides (85%), compared
with homes of past farmers (37%) and homes
of respondents who had never farmed or
worked in jobs with pesticide exposure (16%)
(Table 2). The geometric mean concentrations
of agricultural herbicides in dust were about
3-fold higher among current agricultural work-
ers’ homes compared with past workers and
those never employed in these jobs.

Most residences (72%) were located in
towns. Agricultural herbicide detections in resi-
dences in towns were less frequent (15%) than
in rural residences (61%), and the herbicide
concentration was about 2.5-fold higher in
rural homes (Table 2). At increasing buffer
zone distances, the percentage of homes with
crops in the zone increased and was always
greater for rural homes (data not shown). For
example, the percentage of homes with crops
within 500 m was 58% (town, 44%; rural,
94%). Likewise, the median acreage in each
zone was substantially higher for rural resi-
dences; for example, at 501–750 m, the median
acreage was 171 for rural homes compared with
20 acres for town residences. The maximum
acres in each zone are constrained by the differ-
ing zone areas (range, < 100 m = 7.8 acres to
501–750 m = 243 acres). The frequency of
detections and concentrations of agricultural
herbicide increased with increasing acreage
within 750 m (Table 2). Seventy-five percent of
homes with > 300 acres of crops within 750 m
had detections of agricultural herbicides. The
concentrations of the agricultural herbicides
were more than 4-fold higher compared with
homes with no crops within 750 m.

Increasing acreage of corn and soybeans
within 750 m of the home was associated with

Proximity to crops and agricultural herbicides
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Table 2. Frequency of detections, geometric mean, and geometric SD for agricultural herbicides measured
in house dust, by agricultural work status, residence location, and acres of crops near the homes.

Percent of homes Geometric mean (ng/g)
No. (%) with detections (geometric SD)

Agricultural work
Never 79 (71) 16 111.5 (2.5)
Current 13 (12) 85 366.0 (4.6)
Former 19 (17) 37 121.9 (2.5)

Residence in town
Yes 80 (72) 15 101.7 (2.2)
No 31 (28) 61 245.7 (4.2)

Acres of corn and soybeans within 750 m of home
0 29 (26) 14 45.2 (2.0)
1–200 58 (52) 17 63.1 (3.2)
201–300 8 (7) 62 143.3 (2.4)
≥ 301 16 (14) 75 200.3 (6.3)



an increased probability of detecting one or
more of the agricultural herbicides (Table 3).
Compared with homes with no crops within
750 m, homes with ≥ 201 acres within 750 m
were associated with significantly elevated ORs
for detecting one or more of the agricultural
herbicides. ORs were somewhat attenuated
after adjustment for agricultural employment
but were still significantly elevated. Each 10-
acre increase in crops within 750 m was associ-
ated with a 6% increase in herbicide detections
(adjusted OR = 1.06; 95% CI, 1.02–1.11).
Increasing acreage within 750 m was also posi-
tively associated with the probability of detect-
ing the long-term–use herbicides, although the
estimate for the highest acreage category was
unstable because only one home had no detec-
tion of one of the herbicides with long-term use
(Table 3). For both the agricultural herbicides
and long-term–use herbicides, decreasing dis-
tance of the crop acreage from the home (evalu-
ated as acres within the four buffer regions) did
not explain significantly more of the variance in
herbicide detections compared with the models
with crop acreage anywhere within 750 m (data
not shown). The distance to the closest crop
field was significantly associated with detections
of the agricultural herbicide group; however,
distance alone explained less of the variance
than acreage within buffer zones of 100, 250,
500, and 750 m (data not shown).

The concentration of agricultural herbi-
cides was significantly associated with the total
crop acreage within 750 m of the homes
(Table 4). Adjusting for presence of an agri-
cultural worker in the home did not improve
the model fit and did not change the parame-
ter estimates substantially (data not shown).
For each 10-acre increase in crops within
750 m, there was a significant increase (1.05-
fold) in agricultural herbicide concentration.
For example, among those with 200 acres of
crops near their home, there was a 2.7-fold
(1.0520) increase in herbicide concentration
compared with those with no crops within
750 m. Including separate parameters for crop
acres in each buffer zone did not significantly
improve the model fit (p > 0.05), and there
was no clear pattern in the relationship
between herbicide concentrations and distance
of acres from the home (Table 4). However,
each acre within the 100–250 m buffer region
was associated with a marginally significant

increase in herbicide concentrations (e.g., 2.4-
fold increase for 10 acres). For the group of
four herbicides with high use in all time peri-
ods, we observed a similar and somewhat
stronger relationship between crop acres
within 750 m and herbicide concentrations
(Table 4). For each 10-acre increase in crops
within 750 m, there was a significant 1.06-
fold increase in herbicide concentrations.
Including terms for crop acreage within the
four buffer zones did not improve the model
fit significantly (p > 0.05).

We evaluated the association between the
concentration of individual herbicides
detected in > 5% of homes and both crop
acreage within 750 m and crop acreage within
each buffer region. Total acreage within 750
m was significantly (p < 0.05) associated with
the concentration of 2,4-D, dicamba, and
metolachlor but not with atrazine, acetochlor,
alachlor, pendimethalin, trifluralin, fluazifop-
p-butyl, or bentazone (data not shown).
Including terms for the distance of the acreage
from homes did not significantly improve the
model fit for any of these herbicides. 

Discussion

In the U.S. Midwest, > 90% of corn and soy-
bean fields are treated with herbicides. We
found that increasing acreage of corn and soy-
bean fields within 750 m of homes was associ-
ated with a greater probability of detecting one
or more of the major corn and soybean

herbicides in homes. The total concentrations
of agricultural and long-term–use herbicides
were significantly associated with increasing
acreage within 750 m of homes; likewise, con-
centrations of the herbicides 2,4-D, dicamba,
and metolachlor were also associated with
increasing acreage. Employment in agriculture
was positively associated with the presence and
concentrations of the herbicides in homes;
however, the relationship between agricultural
herbicides detections and levels in dust and
crop acreage remained after adjusting for
agricultural employment.

Previous studies in Washington State found
a positive relationship between the self-reported
proximity of homes to orchards and both the
concentrations of organophosphate insecticides
in house dust and levels of the metabolites in
children’s urine (Fenske et al. 2002; Simcox
et al. 1995). In those studies, levels increased
with increasing proximity of homes to crops
over distances ranging from approximately 15
to 400 m. Curwin et al. (2005) compared dust
concentrations of several of the same corn and
soybean herbicides that we measured (atrazine,
acetochlor, metolachlor, 2,4-D) in farm and
nonfarm homes in Iowa and found that
self-reported distance to treated fields was not
associated with herbicide levels in dust among
nonfarm homes. However, the closest distance
category was < 0.25 mile (402 m). Curwin
et al. (2005) did not evaluate distance to crop
fields among farm homes because all were
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Table 4. Exponentiated parameter estimates for agricultural herbicides and long-term–use herbicides in
carpet dust (ng/g) in relation to acres of crops anywhere within 750 m and within specific buffer regions
from home (n = 111 samples for each model).

Model Parameter Exp(β) 95% CI

Agricultural herbicides
Model A Intercept 64.02 47.31–86.63
Model B Intercept 38.44 24.88–59.37

Per 10 acres: < 750 m 1.05 1.03–1.07
Model C Intercept 40.90 24.85–67.32

Per acre: < 100 m 0.99 0.58–1.68
Per acre: 100–250 m 1.09 0.98–1.21
Per acre: 250–500 m 0.98 0.95–1.01
Per acre: 500–750 m 1.01 1.00–1.02

Long-term–use herbicides
Model A Intercept 76.90 55.85–105.87
Model B Intercept 36.86 24.70–55.01

Per 10 acres: < 750 m 1.06 1.04–1.08
Model C Intercept 39.66 25.94–60.62

Per acre: < 100 m 0.77 0.43–1.40
Per acre: 100–250 m 1.12 1.00–1.27
Per acre: 250–500 m 0.98 0.95–1.02
Per acre: 500–750 m 1.01 1.00–1.02

Table 3. ORs and 95% CIs of detecting one or more herbicides in relation to the total acreage of corn and soybeans within 750 m of residences.

Acres of corn and soybeans within 750 ma

No crops within 750 mb 1–200 acres 201–300 acres > 300 acres OR (95% CI) per
Herbicide Detect/NDc OR Detect/NDc OR (95% CI) Detect/NDc OR (95% CI) Detect/NDc OR (95% CI) 10 acres

Agricultural herbicides
Crude OR 5/24 1.0 10/48 1.3 (0.4–4.5) 5/3 10.4 (1.8–61.7) 12/4 18.7 (3.9–88.1) 1.09 (1.05–1.13)
Adjusted for agricultural jobs 1.0 1.2 (0.3–4.4) 7.2 (1.1–49.3) 7.4 (1.3–41.3) 1.06 (1.02–1.11)

Long-term–use herbicides 
Crude OR 7/22 1.0 21/37 1.8 (0.7–4.9) 5/3 5.2 (1.0–27.7) 15/1 47.1 (5.2–423) 1.08 (1.04–1.12)
Adjusted for agricultural jobs 1.0 1.7 (0.6–5.1) 3.6 (0.6–22.9) 19.9 (2.0–201) 1.05 (1.01–1.10)

aAverage acreage in 1998–2000. bReference group. cNumber of homes where herbicides were detected/number of homes where herbicides were not detected (ND).
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reported to be < 402 m from a treated field.
Both studies relied on self-reported estimates of
distances to crop fields, which may introduce
misclassification. Neither study mapped the
crops near homes, which would have allowed
for an objective evaluation of both proximity
and acreage of crops near homes.

We evaluated the relationship of acreage
within specific distance intervals (donut-shaped
circular buffers) with herbicide concentrations.
We found that the distance of the crop acreage
from homes did not explain significantly more
of the variance in herbicide detections and con-
centrations compared with the total crop acreage
within a 750-m buffer, nor was there a clear pat-
tern of increase in herbicide concentrations with
proximity. The crop acreage in adjacent buffer
zones was highly correlated (r > 0.88). Because
of the large size of crop fields in Iowa, all homes
with crops within 100 m and 101–250 m also
had crop acreage at farther distances.

Because we evaluated acreage of crops
within specific distance intervals rather than the
distance to the nearest crop field, our analyses
cannot be directly compared with those of
Simcox et al. (1995) and Curwin et al. (2005).
Those studies evaluated only the relationship
between distance of crop fields from homes and
pesticide levels in house dust and did not
account for the size of crop fields near homes. A
metric based on distance alone assumes that a
large crop field and a small crop field at the same
distance have the same influence on residential
herbicide levels. We determined that increasing
acreage within 750 m of homes was a significant
predictor of herbicide levels in dust. However,
acreage was highly correlated with increasing
distance in our study, and the resultant
collinearity could have resulted in the lack of a
clear relationship between the proximity of crop
acreage and herbicide concentrations. A high
degree of collinearity between predictive vari-
ables can result in poor parameter estimations
with high variances (Kleinbaum et al. 1998).

Our analysis of the relationship between
herbicide concentrations and crop acres near
the home was limited to acreage within 750 m.
Therefore, additional studies to evaluate acreage
beyond 750 m will be important. Development
of a metric that addresses weaknesses inherent
in the methods used to date (e.g., weighted
measurements of acreage) is needed to evaluate
the relationship between the acreage of crop
fields in proximity to homes and residential
pesticide levels. Further research is also needed
to determine if other factors such as meteoro-
logic conditions, pesticide transport associated
with wind-blown aerosols and soil (secondary
drift), and physicochemical properties of herbi-
cides are important predictors of herbicide con-
centrations in environmental and biologic
samples. For example, the vapor pressure of the
pesticide and meteorologic conditions are
important factors in the estimation of exposure

to drift from agricultural pesticide applications
(Lee et al. 2002; Ramaprasad et al. 2004).
These factors and local variation in herbicide
use are likely to explain why the detections of
herbicides in dust samples did not directly cor-
respond with agricultural herbicide use rates. 

Previous studies have demonstrated the
importance of the “take-home” pathway of
exposure for families living with an agricultural
worker (Curl et al. 2002; Lu et al. 2000), which
we confirmed. We found that currently active
agricultural workers had substantially higher fre-
quencies of detection of agricultural herbicides
in their homes than did former agricultural
workers and nonfarmers. Concentrations of
these pesticides were > 4-fold higher in homes of
current agricultural workers compared with
homes with no agricultural workers. A total of
72% of our study population resided within
town boundaries, compared with 91% in a sim-
ilar analysis in Nebraska by Ward et al. (2000).
Among residences within towns, 74% had crops
within 750 m of the home, and 15% of homes
in town had detections of one or more agricul-
tural herbicide; thus, residence in a town may
not preclude exposure to crop pesticides.

Proximity to pesticide applications as
reported in the California Pesticide Use
Reporting (CPUR) database has been used as a
surrogate for exposure in recent studies of
reproductive outcomes and cancer (Bell et al.
2001; Reynolds et al. 2002), but the relation-
ship between proximity and human exposure
in those studies was not determined. A recent
study using the CPUR data demonstrates that
estimates of residential proximity to pesticide
applications can differ substantially depending
on the distance used to calculate the metric
(Rull and Ritz 2003), with potentially large
effects on risk estimates. Our study indicates
that residential exposure to commonly used
agricultural herbicides is higher among those
living within 750 m of agricultural fields and
among those with an agricultural worker in the
home. Further research is needed to determine
how well measurements of corn and soybean
herbicides in residential dust samples predict
human exposure. Results of this study suggest
that satellite-based crop maps may be a useful
method for estimating levels of herbicides in
homes from nearby crop fields and thereby
serve as a surrogate measure of potential expo-
sure to agricultural pesticides.

REFERENCES

AgDRIFT Task Force. 1997. A summary of ground application
studies. Available: http://www.agdrift.com/PDF_FILES/
ground.pdf [accessed 23 January 2006].

Bell EM, Hertz-Picciotto I, Beaumont J. 2001. A case-control
study of pesticides and fetal death due to congenital
anomalies. Epidemiology 12:148–156.

Chatterjee N, Hartge P, Cerhan JR, Cozen W, Davis S, Ishibe N,
et al. 2004. Risk of non-Hodgkin lymphoma and family his-
tory of lymphatic, hematopoietic and other cancers.
Cancer Epidemiol Biol Prev 13:1415–1421.

Colt JS, Lubin J, Camann D, Davis S, Cerhan J, Severson RK,
et al. 2004. Comparison of pesticide levels in carpet dust
and self-reported pest treatment practices in four U.S.
sites. J Expo Anal Environ Epidemiol 14:74–83. 

Colt JS, Zahm SH, Camann DE, Hartge P. 1998. Comparison of
pesticides and other compounds in carpet dust samples col-
lected from used vacuum cleaner bags and from a high-vol-
ume surface sampler. Environ Health Perspect 106:721–724.

Curl CL, Fenske RA, Kissel JC, Shirai JH, Moate TF, Griffith W,
et al. 2002. Evaluation of take-home organophosphorus
pesticide exposure among agricultural workers and their
children. Environ Health Perspect 110:A787–A792.

Curwin BD, Hein MJ, Sanderson WT, Nishioka MG, Reynolds SJ,
Ward EM, et al. 2005. Pesticide contamination inside farm
and nonfarm homes. J Occup Environ Hygiene 2:357–367.

Fenske RA, Lu C, Barr D, Needham L. 2002. Children’s exposure
to chlorpyrifos and parathion in an agricultural community
in central Washington state. Environ Health Perspect
110:549–553.

Helsel DR. 1990. Less than obvious—statistical treatment of data
below the detection limit. Environ Sci Technol 24:1766–1774.

Iowa State University. 1997. A Survey of Pesticides Used in Iowa
Crop Production in 1995. Pm 1718. Ames, IA:Iowa State
University Extension.

Kleinbaum DG, Kupper LL, Muller KE, Nizam A. 1998. Applied
Regression Analysis and Multivariable Methods. 3rd ed.
Pacific Grove, CA:Duxbury Press.

Lee S, McLaughlin R, Harnly M, Gunier R, Kreutzer R. 2002.
Community exposures to airborne agricultural pesticides
in California: ranking of inhalation risks. Environ Health
Perspect 110:1175–1184.

Lewis RG, Fortmann RC, Camann DE. 1994. Evaluation of meth-
ods for monitoring the potential exposure of small children
to pesticides in the residential environment. Arch Environ
Contam Toxicol 26:37–46.

Lu C, Fenske R, Simcox N, Kalman D. 2000. Pesticide exposure
of children in an agricultural community: evidence of
household proximity to farmland and take home exposure
pathways. Environ Res 84:290–302.

Lubin JH, Colt JS, Camann D, Davis S, Cerhan J, Severson RK,
et al. 2004. Epidemiologic evaluation of measurement data
in the presence of detection limits. Environ Health Perspect
112:1691–1696.

Moschandreas DJ, Karuchit S, Kim Y, Ari H, Lebowitz MD,
O’Rourke MK, et al. 2001. On predicting multi-route and
multimedia residential exposure to chlorpyrifos and
diazinon. J Expo Anal Environ Epidemiol 11:56–65.

Ramaprasad J, Tsai M, Elgethun K, Hebert V, Fesot A, Yost M,
et al. 2004. The Washington aerial spray drift study: assess-
ment of off-target organophosphorus insecticide atmos-
pheric movement by plant surface volatilization. Atmos
Environ 38:5703–5713.

Reynolds P, Von Behren J, Gunier RB, Goldberg DE, Hertz A,
Harnly ME. 2002. Childhood cancer and agricultural
pesticide use: an ecologic study in California. Environ
Health Perspect 110:319–324.

Rudel RA, Camann DE, Spengler JD, Korn LR, Brody JG. 2003.
Phthalates, alkylphenols, pesticides, polybrominated
diphenyl ethers, and other endocrine-disrupting compounds
in indoor air and dust. Environ Sci Technol 37:4543–4553.

Rull RP, Ritz B. 2003. Historical pesticide exposure in California
using pesticide use reports and land-use surveys: an
assessment of misclassification error and bias. Environ
Health Perspect 111:1582–1589.

Simcox NJ, Fenske RA, Wolz SA, Lee IC, Kalman DA. 1995.
Pesticides in household dust and soil: exposure pathways
for children of agricultural families. Environ Health
Perspect 103:1126–1134.

U.S. Geological Survey Earth Resources Observation and Science.
2006. Enhanced Thematic Mapper Plus. Sioux Falls, SD:U.S.
Geological Survey. Available: http://eros.usgs.gov/products/
satellite/landsat7.html [accessed 18 April 2006]. 

Ward MH, Nuckols JR, Giglierano J, Bonner MR, Wolter C, Airola
M, et al. 2005. Positional accuracy of two methods of
geocoding for rural and community addresses. Epidemiology
16:542–547.

Ward MH, Nuckols JR, Weigel SJ, Maxwell SK, Cantor KP, Miller
RS. 2000. Identifying populations potentially exposed to agri-
cultural pesticides using remote sensing and a geographic
information system. Environ Health Perspect 108:5–12.

Woods N, Craig IP, Dorr G, Young B. 2001. Spray drift of pesti-
cides arising from aerial application in cotton. J Environ
Qual 30:697–701.


